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formalism and didn't need the not gauge invariant momentum. Tanimura [2] extended
Feynman's derivation to the case of the relativistic particle.
In this letter one concentrates only on the following point: the study of a nonrelativistic
particle using Feynman brackets. We show that Poincare's magnetic angular momentum is
the consequence of the structure of the sO(3) Lie algebra dened by Feynman's brackets.
II. FEYNMAN BRACKETS
Assume a particle of mass mmoving in a three dimensional Euclidean space with position:
x
i
(t) (i = 1; 2; 3) depending on time. As Feynman we consider a non associative internal
structure (Feynman brackets) between the position and the velocity. The starting point is





] = 0 (1)
We suppose that the brackets have the same properties than in Tanimura's article [2], that
is:
[A;B] =  [A;B] (2)










where the arguments A, B and C are the positions or the velocities.



















]] = 0 (5)



























































































































] = 0 (13)







































































where F must be an antisymmetric tensor (electromagnetic tensor for our example) and 
a constant. The goal of our work is to see what happens if we keep the structure of the Lie
algebra of the angular momentum and the transformation law of the position and velocity.










































































































We get the " Lorentz force's law", where the electric eld appears as a constant of integration

































































































































no connection with the spin of the particle, which can be introduced by looking at the




















































































































































B )g = 0 (42)


















If we choose:  = q and  = g, where q and g are the electric and magnetic charges, we













































































We see that in the construction of the Feynman's brackets algebra the fact that we didn't im-
pose the Jacobi identity between the velocities is a necessary condition to obtain a monopole
solution.
In summary, we used the Feynman's algebra between position and velocity to compute
the algebra of the angular momentum of a non relativistic particle in a electromagnetic
eld. The Dirac monopole and magnetic angular momentum is a direct consequence of the
conservation of the form of the standard sO(3) Lie algebra.
IV. CASIMIR OPERATOR
In the same spirit, it is interesting to introduce L
2
; the Casimir operator of sO(3) Lie alge-
bra. Again we want to keep the same commutation relations in the two cases corresponding
to zero and non zero curvature.
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] = 0 (55)





























































] = 0 (58)
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We nd that the structure of Feynman's brackets (without an Hamiltonian or La-
grangian), illuminates the connections between the spaces with gauge curvature, the sO(3)
Lie algebra and the existence of the Poincare magnetic angular momentum. It seems that
more than the phase space formalism, the Feynman's one is a good approach of the me-
chanics in a space with gauge symmetry, because it avoids the introduction of the not gauge
invariant momentum. Further, other applications of this method, for example, the case of
the Minkowski space with Lorentz Lie algebra, will be consider in the future.
9
REFERENCES
[1] F.Dyson,Am.J.Phys.58,209(1990).
[2] S.Tanimura,Ann.Phys.220,229(1992).
[3] H.Poincare,C.R.Acad.Sci.Paris,123,530(1896).
[4] P.A.M.Dirac,Proc.R.Soc.A 113,60(1931).
10
